
LETTER TO THE EDITOR

Neurological, Cognitive, and Behavioral Disorders during
COVID-19: The Nitric Oxide Track

To the Editor: Coronavirus disease 2019 (COVID-19) exhibits
awide range of clinical signs, especially in older adults.1 Alkeridy
et al recently reported an interesting case of delirium with lower
limb sensorimotor disorders in a 73-year-old man with other-
wise asymptomatic COVID-19.1 The mechanism proposed by
the authors was based on the invasion of the nervous system by
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-
2), the causative agent of COVID-19, as previously described in
a COVID-19 case with encephalitis.2 Although acknowledging
the value of this assumption, we discuss here the likely role of a
third player, namely nitric oxide (NO), to explain the onset of
neurocognitive disorders in patients with COVID-19.

NO, originally known as an endothelium-derived
relaxing factor, is a gaseous membrane-soluble neurotransmit-
ter synthesized endogenously from L-arginine, oxygen, and
nicotinamide adenine dinucleotide phosphate by various nitric
oxide synthase enzymes.3-5 Studies in experimental animals
have well documented the synthesis of NO in the brain and
its role in a variety of neuronal functions including learning
and memory processes or locomotor activity.3

Although it plays an important role in cell signaling in the
brain, NO was described as an “unconventional” neurotrans-
mitter. Indeed, it is neither stored in synaptic vesicles nor
released upon membrane depolarization; it is directly released
upon synthesis.4 Also, NO does not mediate its action by bind-
ing to some membrane-associated receptors, but it diffuses from
neuron to neuron to act on intracellular components.4 NO
functions as a neurotransmitter by stimulating soluble guanylyl
cyclase to form a second messenger molecule, cyclic guanosine
monophosphate (cGMP), in target cells. The cyclic nucleotide
cGMP relaxes vascular smooth muscles with consequent vaso-
dilation and increased blood flow. Increased intracellular
cGMP level was shown to contribute to excessive neuron excit-
ability and locomotor activity.6 The decrease in NO concentra-
tions in the brain was consistently found to induce cognitive
and behavioral disorders in various experimental animals.5

On this basis, we propose that some of the neurological
signs in patients with COVID-19 are associated with the
virus-induced decrease in NO levels in the brain. The pro-
duction of NO is tightly linked to the renin-angiotensin sys-
tem (RAS), precisely targeted by SARS-CoV-27 that was
described to overactivate the RAS by interacting, via its spike
(S) glycoprotein, with the metallopeptidase angiotensin-
converting enzyme 2 (ACE2) receptor,7 expressed at the sur-
face of numerous cell types including cerebral neurons.8

In RAS, angiotensin II, by acting on the vasoconstrictor
type 1 angiotensin II receptor (AT1R), reportedly diminishes
the production of NO,9 leading to an expected decrease in
NO concentrations in the brain during COVID-19, which
needs to be compensated to prevent neurological cognitive
and behavioral disorders. Because NO is basically too reac-
tive (with a very short half-life of 5 seconds) to constitute
an appropriate therapeutic target, a strategy would be to
counterbalance RAS overactivation and thus maintain the
appropriate NO levels in the nervous system. Interestingly,
previous work to increase NO concentrations in the brain
with specific agents known to elevate NO production was
found to improve memory in experimental animals.5

In human COVID-19, proposed chemotherapeutic drugs to
limit/counterbalance the overactivation of RAS could be ACE
inhibitors (to prevent the production of angiotensin II from
angiotensin I), blockers/antagonists of AT1R such as losartan and
derivatives, and also some natural candidate peptide drugs that
belong to the so-called counterregulatory RAS (i.e., angiotensin
1–7, angiotensin 1–9, alamandine, angiotensin A, and/or angio-
tensin IV).10 All these molecules are expected to counteract the
SARS-CoV-2-induced overactivation of RAS, to maintain NO
production, and to reverse, to some extent, the associated neuro-
logical cognitive and behavioral disorders inCOVID-19.
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